Introduction
Sports and recreation-related concussions are common, with an annual incidence in the United States estimated to be between 1.6 and 3.8 million (19, 20, 22) . The majority of these injuries are considered to be self-limited; however prolonged symptoms of greater than 3 months are not uncommon (5, 10, 25, 27) . In particular, delayed headache is associated with delayed recovery from concussion and increased risk of postconcussion syndrome (3, 8, 10) .
The pathophysiology of postconcussive headache is likely complex and multifactorial, involving both local injury as well as the activation of peripheral and central pain pathways. Occipital neuralgia (ON) is a known etiology of headaches and may stem from trauma to the neck, such as with a concussion or whiplash injury (23) . ON also may feature symptoms such as nausea, dizziness, and photosensitivity that are associated commonly with concussion. Despite these features, ON may be an underappreciated cause of headache in sports-related concussion; a PubMed search returned only one reference when using the terms ''sports'' and ''occipital neuralgia'' (26) .
Due to the prominence of headache as a symptom in concussion, the potential for concomitant conditions such as ON arising from the same traumatic injury, and the overlapping symptomatology between these conditions, it is important that clinicians be able to recognize ON in the management of concussion. In this case series, we will report on our observation of ON as a significant factor in the postconcussion headaches and symptomatology of three patients. We also will present a brief review of the available literature on ON, with attention to its relevant anatomy, presentation, examination, and treatment.
Cases

Case #1
A 16-year-old female volleyball player was diving for a ball when she hit the right side of her head on the floor. There were no transient neurological symptoms or cervical or occipital pain. The next morning, she awoke with severe headache at the back of her head. A Sports Concussion Assessment Test (SCAT) only revealed one symptom (headache). Neuropsychological computerized testing demonstrated excellent performance in all categories; however immediately thereafter, the patient developed severe headache and nausea. At 12 d after the injury, the patient was reassessed and reported a headache with severity of 1 out of 6 localized at the right posterior aspect of her head as her only symptom. Physical examination demonstrated decreased range of motion and tenderness throughout the cervical spine, most prominently at the right greater than left occiput with reproduction of her headache upon palpation. Trigger point injections with 1% lidocaine were performed at eight locations over the bilateral superior trapezius and achieved 50% reduction of her headache for 2 h. This prompted a referral to an interventional anesthesiologist for a diagnostic block of the right greater occipital nerve (GON) and lesser occipital nerve (LON), after which the patient expressed complete relief of all symptoms for 6 h. The patient then was prescribed a multimodal approach to symptom management, including massage therapy, myofascial release, and a right-sided pulsed radiofrequency stimulation of the GON and LON. The patient achieved temporary resolution of her headaches shortly following this last procedure at 166 d after the concussion. While her headaches significantly improved at rest and without rotational movement, any rotational movement during exertion creates headaches that impede participation in sports. Thus the patient has decided to voluntarily retire from volleyball. mental fogginess. After essentially maintaining bed rest for 2 d, he experienced severe cervical pain and a bout of emesis during ambulation. Subsequent computed tomography (CT) imaging of the cervical spine was normal. On examination, his cervical range of motion was limited to the left more than the right and his neck pain and limited range of motion gradually resolved over 2 months. Despite this, he was unable to resume any physical activity due to the development of a severe sharp, stabbing, and throbbing headache located in the left occiput. Triggers included the resumption of any athletic activity, but he found that he could avoid triggering headaches by looking straight ahead. A follow-up physical examination was significant for tenderness in the left occiput at the craniocervical junction. He was diagnosed with ON and was referred to interventional pain management for a left cervical medial branch block of C2 to C3 and third occipital nerve (TON) blocks. These procedures provided 100% pain relief and greatly increased cervical range of motion. He was then able to complete a graded return to play protocol successfully and resumed baseball.
Case #3
A 17-year-old female soccer player was hit in her forehead during a challenged header and experienced immediate symptoms, most prominently including headache, fogginess, dizziness, and photophobia. No neck pain was noted on the initial physical examination. Her initial SCAT2 symptom number was 17 (which included headache) with a symptom severity score of 67. Several trials of medications including acetaminophen, ibuprofen, amitriptyline, and zonisamide failed to reduce her headache symptoms. Five weeks after the concussion, she developed neck pain, and on repeat examination, she had a positive Tinel sign at the left craniocervical junction with significant worsening of her headache. She was referred to interventional pain management for a GON and LON block. During a phone follow-up, she reported 100% relief of her headache and neck pain for 3 d and noted significant improvement of her other concussion symptoms as well. She then received a pulsed radiofrequency stimulation of the left GON and LON, which resulted in 50% relief from her headache and neck pain for 3 wk. Due to the partial and short duration of the effect, a nerve block was then performed on the C2 and C3 medial branches and TON. The patient received 100% relief of her headache and neck pain for 5 d, again with concomitant improvement of her other symptoms. Given this response, a radiofrequency denervation of these same nerves was performed. She received complete relief of her headache and neck pain with a SCAT2 symptom number of 3 with a symptom severity score of 10. After return of her symptoms in 4 months, the procedure was repeated with the same results. She continues to work with physical therapy and speech and language pathology to address her remaining lingering symptoms.
Discussion
What Is ON?
The International Headache Society describes ON as recurring paroxysmal attacks of severe nonthrobbing, shooting, or stabbing pain of the posterior scalp in the distribution of the GON, LON, or TON (14) . These paroxysms last from seconds to minutes, but there also can be persistent pain between the paroxysms (14, 28) . The pain is associated with diminished sensation or dysesthesia and/or marked tenderness and pain elicited by stimulation of the hair or scalp over the affected nerve branches and/or trigger points at the emergence of the GON or in area of innervation by C2 (14) . This clinical variability may be attributed to the fact that ON can involve any of the three branches of the occipital nerve (9) .
The GON most commonly is involved in up to 90% of cases, whereas involvement of the LON is much less common, and the TON rarely is involved (12) . Involvement of both the GON and LON is seen in 9% of cases. The GON originates from the dorsal ramus of C2, medial branch, and then travels superiorly between the inferior oblique capitis and semispinalis capitis muscles. It then extends rostrolaterally deep to the trapezius muscle and pierces the aponeurosis of the trapezius just inferior to the superior nuchal ridge. This is where it becomes subcutaneous, lying medial to the occipital artery, and most often is constricted (9, 28) . It provides sensory innervation from the external occipital protuberance to the vertex of the posterior scalp (9) . The LON is composed of branches of C2 and C3 from the cervical plexus and travels superiorly along the posterior border of the sternocleidomastoid muscle (9) . It innervates the lateral scalp and the area just posterior to the auricle (9) . The TON is a branch of C3, which emerges inferiorly (7) and innervates the upper neck and lower occipital scalp (9) .
History and Examination
History Precipitation of headache with movement or palpation of the neck is a common feature of ON (15) . Shooting or stabbing pain in the neck radiating over the cranium is also a common complaint (28). Pain and decreased sensation is typically but not always unilateral and is most prominent in the occipital region (15) . Tinnitus, scalp paresthesia, nausea, dizziness, and visual disturbances also are common complaints due to connections of the C2 dorsal root portion of the occipital nerve with cranial nerves VIII, IX, X and the cervical sympathicus (4, 18, 28) . Pain may radiate to the parietal or temporal scalp, and it is even possible for the patient to experience pain in the fronto-orbital area due to connections in the trigeminal spinal nuclei (4,14,26,28).
ON commonly results from head trauma such as that associated with concussion and/or whiplash injuries seen in sports, motor vehicle accidents, and war zones (7) . However, ON also may stem from compression due to degenerative spine changes, malignant growths, extra and intracranial vessels, giant cell arteritis, bony callus formation after vertebral fracture, or chronically contracted spinal muscles (13, 17) . It is important to screen for these pathologies during the history, particularly in the absence of trauma (15) . Key historical information includes 1) mechanism, 2) initial symptoms (such as headache, neck pain, and stiffness), and 3) associated injuries such as fractures or impairments of vision or of the vestibular system (15) . If related to concussion, headaches and other symptoms of ON typically manifest subacutely after the concussion (such as was typical in the presented cases); if they appear long after the concussive event, one should consider other etiologies (15) .
Differentiating ON headaches from other types of headaches can be challenging. Typically ON does not produce an aura, which may help differentiate from migraine headache without aura or tension-type headache (15) . ON should be distinguished from referred pain from atlantoaxial or upper zygapophyseal joints or from trigger points in neck muscles (as described in the first presented case) (14) . Additionally, understanding patterns of referred pain can assist in the diagnosis of which nerve(s) are impaired (16) .
Examination Tenderness along the course of the occipital nerves and a positive Tinel sign are common findings (9) . Palpation of the GON and LON and the areas of their likely entrapment is the most important examination component. The most common location to palpate and percuss the GON is 2 cm lateral and 2 cm inferior to the external occipital protuberance (21) . The LON is lateral to the GON and may be palpated/percussed along the superior nuchal ridge onethird of the way from the external occipital protuberance toward the mastoid (9) .
Diagnostic testing Cervical spine x-ray images may show abnormal anatomy and demonstrate instability. Arthritic change at the second cervical vertebra may be evident on an open-mouth view (28). A CT scan of the craniocervical junction may indicate a degenerative process and help rule out neoplastic pathology (28). Magnetic resonance imaging can show soft tissue pathology (28) such as infiltrative lesions (9) , and electromyography and nerve conduction studies are useful to evaluate for radiculopathy (15) . Local anesthetic injection blocks of occipital nerves are used frequently to ease pain temporarily (14, 18) and provide diagnostic information (13, 18, 28) . Ultrasound evaluation of the GON in patients with unilateral symptoms has shown an increase in crosssectional area and circumference in the GON on the symptomatic side and shows promise as a diagnostic modality (6) .
Treatment of ON
The manner in which ON is treated depends on the severity of the pain and the resultant disability. If the patient's pain and disability have not improved with conservative measures such as short-term immobilization with bracing, massage, physical therapy, anti-inflammatory medications, acetaminophen, muscle relaxants, gabapentinoids, tricyclic antidepressants, and selective serotonin and norepinephrine reuptake inhibitors, then procedural management may be appropriate. The distribution of the pain (unilateral vs bilateral, GON vs LON vs TON, or combinations thereof) and qualities of the pain will determine the approach that can be used. ON pain is most commonly unilateral and in the distribution of the GON but can be associated with TON involvement when the second and third cervical vertebrae are disturbed also (as was the case with the third patient that was presented) (12) .
Traditional ON can be treated with multiple interventional or procedural strategies. The primary treatment strategy is the attempted abolition of nerve conduction of the occipital nerve at a peripheral location. This can be performed with pharmacological agents, heat, cold, and electrical stimulation. The most common starting point is the blockade of the affected nerve with a local anesthetic. This blockade will provide rapid pain relief and can be used as a diagnostic guide for future therapies. While local anesthetic blockade pharmacologically is short-lived, pain relief may be of much longer duration (as was with the presented cases); however this dissociation between the duration of pharmacological effect and the duration of symptomatic relief is not well understood (1) .
The addition of other pharmacological agents to the injectate such as steroid, alpha-adrenergic modulating agents, or opioids has not been found to provide any additional analgesic benefit (1,2) and may increase the likelihood of harm; therefore these agents should be used with caution and with a specific rationale. Although the appropriate volume of the injectate has not been examined rigorously, small volumes (G1 mL per nerve) are likely to decrease the false positive rate, although this risks greater false negative results (13) . A positive diagnostic block of GON, LON, or both establishes them as being involved in the pain generation. If the pain relief or duration is not sufficient, then modulation of the affected nerves can be performed with pulsed radiofrequency stimulation ( Fig. 1) (13) . In those who have a diagnosis of ON supported by a positive diagnostic block but did not respond to pulsed radiofrequency stimulation, occipital nerve stimulation with implanted stimulating leads and associated implantable pulse generator may be performed (Fig. 2) (24) . Occipital nerve stimulation uses a surgically implanted device to provide long-lasting relief; however it also is associated with risks including infection, migration of the leads, and lead failure. An alternative approach is to perform a local anesthetic blockade of the TON at the level of the C2 and C3 facet joint (as was performed in the third presented case). If this is positive (50% or greater relief), a radiofrequency denervation or lesioning can be performed with success rates of up to 88% (11) .
Conclusions
There is currently minimal literature on ON after sportsrelated concussion; however due to sharing a common possible mechanism of injury and the overlapping symptomatology between these conditions, ON should be incorporated into clinicians' approach to concussion as a possible associated injury, particularly in cases that feature an appropriate distribution of symptoms in the occiput and posterior cervical spine. It is also important to realize that prolonged headache after concussion may be ON and not lingering concussion symptoms. Thus further research is needed regarding the epidemiology, recognition, diagnosis, and treatment of this entity in the setting of sports-related concussion.
